Forests are dynamic, complex and multidimensional ecosystems and play an irreplaceable role in social, economic, environmental, ecological and cultural context. Eucalyptus is the most common exotic species in Portugal forests. This species is fundamental in the industries related to the pulp paper production and the concern about their effects in ecosystems is growing. Geographical Information Systems (GIS) combined with Remote Sensing (RS) data can help to understand this complex ecosystem. Moreover, GIS and RS are commonly used in forest management. GIS allows the manipulation, analysis, and generation of considerable amounts of environmental information. This information can be used in the evaluation of ecosystems' conditions and for decision making. The study case of this project was the municipal lands included in "Serras do Porto" and Valongo's Nature 2000 network (Porto district, Portugal). The study zone considered in this work is a landscape of extreme relevance to Porto Metropolitan Area. For decades this area was extensively explored with eucalyptus plantations in order to produce cellulose for paper industry. Due to the characteristics of the area and its extension (40 hectares) the use of GIS became the most accurate and reliable alternative to characterize it. The combination of GIS tools and RS data allows the characterization of terrain relief, namely the analysis of altimetry, hypsometry, hydrography, the creation of environmental indexes such as Normalized Difference Vegetation Index (NDVI), Enhanced Vegetation Index (EVI) and Normalized Difference Water Index (NDWI), and the Digital Elevation Model (DEM). RS technology offer the potential to explore the effects of land-use changes and disturbances on forest dynamics at large spatial scales. A Sentinel-2A image was used to produce NDVI, EVI, and NDWI environmental indexes and to generate the Land Use Land Cover (LULC) map, through Semi-Automatic Classification Plugin from QGIS software using Minimum Distance algorithm. The LULC was classified with two classes because the study area only presents two types of species: eucalyptus and bare soil. The LULC map obtained was validated through field points collected in the study area with a GPS receptor. An overall accuracy of 92.98% and a kappa statistic of 0.842 was obtained. Also, some of the geographic information obtained in the field was then integrated in QGIS software. Moreover, a phenological study was performed using NDVI values obtained from Sentinel-2A images, to understand the eucalyptus behavior in a certain period of time.. Because of that RS data provided useful information about the landscape dynamics allowing the assess to forest cover change and land use helping to create decision making plans and forest conservation measures.
INTRODUCTION
Forests are fundamental for the stability and support of diverse ecosystems [1] [2] . They are important to keep the balance of geomorphological cycles being the main source for multiple ecosystem services. These ecosystems have multidisciplinary and multifunctional characteristics [3] [4] . In Portugal, as in many other countries, forests have an irreplaceable role in the social, economic, environmental, ecological and cultural context [5] [6] . However, almost all the Portuguese forests are a result of human intervention [7] [8] . In fact, most of the forests in Portugal are considered cultivated forests and they are used for raw material to diverse economic activities [9] . The Eucalyptus is the most common exotic species in Portuguese forests and the concern about their effects in ecosystems is growing [1] . According to the 6 th National Forest Inventory, 26% of the Portuguese forests are formed by Eucalyptus [10] . The eucalyptus is extensively used in one of the most important economic sectors in Portugal, which is the paper industry [2, 11] . Nowadays, in Portugal the eucalyptus species occurs in 812 mil ha and the tendency is increasing [10, 12] . Therefore, it is necessary to understand the impact and the influence of eucalyptus in the environment and biologic communities. Nevertheless, assessing forest conditions and developing strategies for forest management is a complex procedure. Geographic Information Systems (GIS) provide useful tools and are commonly used in these studies. GIS allows the manipulation, analysis, combination and generation of considerable amounts of environmental information in a short period of time [13] . Through GIS it is possible to accomplish ecological studies on different extension levels, with an accurate analysis of the phenomena [14] . When GIS is combined with Remote Sensing (RS) data this process is optimized. Through RS data it is possible to understand the phenomena on a large scale, relating them to natural causes or connect them to anthropogenic activity. Comparatively to more conventional techniques of analysis and understanding of the phenomena, RS provides improved techniques for environmental studies [15] . The advantages of this combination have already been proved, through the creation of maps of the distribution of species, analysis of ecosystems and landscapes, change of climatic conditions and invasiveness issues [16] [17] [18] . In this work, the combination of GIS tools and RS data allows the characterization of terrain relief, namely the analysis of altimetry, hypsometry, hydrography, the creation of environmental indices and the Digital Elevation Model (DEM) creation. Moreover, a phenological study was performed using Normalized Difference Vegetation Index (NDVI) values obtained from Sentinel-2A images, to understand the eucalyptus behavior in a certain period of time. For that, a GIS open source application that allowed to study the vegetation phenology was used [19] . Without RS and GIS combined it would be very difficult to analyze all the study area, due to the extension and geomorphological characteristics. The creation of these maps and the information obtained make possible the comprehension and a better analysis of the area. Thus, the association between RS data and GIS provides the creation of more assertive decision support plans. This association can be beneficial in assessing the conditions of an ecosystem and it is possible to assess, for instance, the land cover and the mapping of geological and biological resources [20] .
The main purpose of this work was evaluate the contribution of GIS techniques and RS data into restoration and improvement works in a Eucalyptus globulus parcel after its abandonment in "Serras do Porto".
Study case
The study case of this project was the municipal lands included in "Serras do Porto" and Valongo's Nature 2000 network with an extension of 40 ha (Figure 1) . It is located a few kilometers from Porto. It is characterized by countless faunal and floristic values. For decades this area was extensively explored with plantations of eucalyptus in order to produce cellulose for paper industry. This study case is a landscape of extreme relevance to Porto Metropolitan Area. It is characterized by a climate of Atlantic characteristics with Mediterranean influence. The mild temperatures, that occur most of the year, allow the existence of Quercus suber and improve the production of Pinus pinaster and Eucalyptus globulus. The Mediterranean influence causes high summer temperatures and absence of precipitation, which enhances the existence of typically Mediterranean species as the Arbutus unedo and Laurus nobilis. Although the area is inserted in a protected zone, a management plan for the areas dominated by eucalyptus is lacking. The eucalyptus dominates the majority of the area, and only exists a few small forests stands of other species. Besides that, invasive species begin to appear on the area, such as Acacia melanoxilon, Acacia dealbata, and Hakea sericea. The area is dominated by sharp slopes and most of the soil is poor and it's a zone dominated by infertile soil. 
METHODOLOGY

Open source GIS software
QGIS is a free and open source GIS software desktop. It is owned by the Open Source Geospatial Foundation (OSGeo), an official project, licensed by GNU General Public License (GPL) [21] . Initially this program was created for Linux users but now it is a multiplatform software, available in Windows, Mac OSX, Unix, Linux and Android. Due to core functions and addable plugins added through Python language, this software provides a growing number of capacities. QGIS is developed in C++ programming language and has an integration with Python language, which allows adapt or automate GIS functions. In addition to the incorporation of Python, QGIS integrates a processing framework, Processing Toolbox, which allows the inclusion of external applications such as System for Automated Geoscientific Analyses (SAGA), Geographic Resources Analysis Support System (GRASS), Orfeo ToolBox (OTB) and other command-line applications that provide spatial data analysis functionalities [13] . Also, several image processing algorithms can be assessed using the QGIS Semi-Automatic Classification Plugin (SCP) [22] .
Data acquisition
The Sentinel-2 mission was developed by European Space Agency (ESA) and it is included on the Copernicus environmental monitoring program [23] . Sentinel-2 is composed by two satellites with the same polar-orbiting with 180º of difference. Those satellites are Sentinel-2A, launched in June 2015, and the Sentinel-2B, launched in March 2017. Sentinel-2 is integrated with a Multi-Spectral Instrument (MSI) that produces images in 13 spectral bands at 10 m, 20 m and 60 m spatial resolution. These bands cover the visible, the near infra-red (NIR) and the short-wave infrared (SWIR) wavelengths of electromagnetic spectrum [24] . The Sentinel-2 constellation permits global coverage of the Earth's surface, every 5 days with a swath of 290 km. Sentinel-2A at level 1C images, radiometrically and geometrically correctly, were used in this work (Top-Of-Atmosphere (TOA) product). Level-1C product is a 100 km x 100 km tile with a Universal Transverse Mercator/World Geodetic System 1984 (UTM/WGS84) projection [25] March 2018 with 0 to 10% of cloud cover were used. The images were atmospherically corrected. This set of images were used to understand the phenological behavior of eucalyptus species in the study period of time, using NDVI environmental index.
The study of phenological behavior allows to understand the growth cycle of eucalyptus. Fast growth cycles increase the competitive capacity, the survival capacity and the recruitment rate of resources. Besides that, through the study of phenological behavior, it is possible to understand the eucalyptus adaptations to ecosystems variability and the influence of eucalyptus in the ecosystem. The eucalyptus phenology has consequences on the other species' phenologies [26] [27] .
Processing steps
The field points were random collected through the study area using a Global Positioning System (GPS) Trimble receptor with 2 meters of planimetric accuracy. The points were collected according to the two classes predefined: bare soil and eucalyptus. Twenty-five points were collected to each class. 70% of the collected points were used to training, i.e. to obtain the Land Use Land Cover (LULC) training areas in SCP plugin. The remaining 30% were used for validation.
The Sentinel-2A image was used to produce the NDVI, Enhanced Vegetation Index (EVI), and Normalized Difference Water Index (NDWI) and to generate the LULC map. The LULC was produced on QGIS through the SCP Dock tool using the Sentinel-2A image. The generated LULC was then validated with field points collected in the study area with a GPS Trimble receptor. The training areas were created through Classification Dock and ROI tool and the two classes were identified according to the points collected. For this the Minimum Distance algorithm was used [28] . The DEM was created from quoted points and contour lines provided by city council of "Valongo" and the Interpolation tool from module Raster was used. The inputs were quoted points and contour lines and the elevation was used as an attribute for both. The DEM was created through Triangular Irregular Network (TIN). The cell size was defined as 10 meters in accordance to the spatial resolution of the Sentinel-2A image.
The pre-processing of Sentinel-2A image on SCP includes the following steps: atmospheric correction, clip of the study area from the Sentinel image; and the creation of RGB composites [22] . The atmospheric correction was performed through the Dark Object Subtraction 1 (DOS1) method available SCP plugin [22] . The DOS1 method is an image-based atmospheric correction with the "basic assumption that within the image some pixels are in complete shadow and their radiances received at the satellite are due to atmospheric scattering (path radiance)." [29] . The next step was the clipping of the image with a shapefile provided by city council of "Valongo". For that, it was necessary to create a virtual raster.
The NDVI environmental index uses the visible (RED) and near-infrared (NIR) bands of the electromagnetic spectrum. The active green vegetation is characterized by positive NDVI values because it has a high visible light absorption and high NIR reflectance [30] . The NDVI values are represented as a ratio ranging between -1 and 1. The negative values indicate water and values around zero indicate bare soil and buildings, for instance [31] . In this work, the NDVI index was estimated through Band calc tool from SCP plugin, using the bands band 8 (NIR) and band 4 (RED) of Sentinel-2A [32] :
The EVI index was also computed. This index was developed to "correct" some distortions in the reflected light caused by the particles in the air as well as the ground cover below the vegetation. The EVI data product also does not become saturated as easily as the NDVI when viewing rainforests and other areas of the Earth with large amounts of chlorophyll [33] . While NDVI is more sensitive to chlorophyll, the EVI is more sensitive to canopy structural variations, including Leaf Area Index (LAI), canopy type, plant physiognomy, and canopy architecture [34] . The procedure to estimate the EVI was similar to the calculation of NDVI and the bands required from Sentinel-2A were band 8 (NIR), band 4 (RED) and band 2 (BLUE) [35] : EVI = 2.5*(NIR-RED)/(NIR + 6*RED -7.5*BLUE +1)
The NDWI is an environmental index relative to liquid water and, as the values of NDVI, the NDWI varies from -1 to 1.
The negatives values and close to zero represent no water or vegetation. The positive values indicate water presence [36] . The Sentinel-2A bands required to estimate this index were band 3 (GREEN) and band 8 (NIR) and the process was the same as for the two-previous indices [37] : 
NDWI = (GREEN-NIR)/(GREEN+NIR) (3)
Besides the environmental monitoring performed with the analysis of the maps created, an evaluation about the phenological behavior of eucalyptus was performed. According to Qiao et al. [38] , the eucalyptus temporal signature is relatively stable during four to six years, called a growth rotation [38] [39] . In a rotation, the eucalyptus reaches the peak around January until June, the first months of the year, then the wood is harvested, and the rest of the tree is burned. The land rest for a time and several months later, new eucalyptus trees are planted. The growth is rapid during a year and remain with high NDVI values for several years [38] . However, in this study case, the period of time analyzed was not enough to evaluate the growing period of eucalyptus. Despite this, plots with the NDVI values variation in a certain period of time and obtained from MODIS products, were created. Duarte et al. [19] developed a GIS open source application, under QGIS software, named QPhenoMetrics, which allows to produce vegetation phenology metrics based on MODIS NDVI and EVI products. QPhenoMetrics application was improved with the possibility of process Sentinel-2A images.
RESULTS
All the data were projected in WSG84/UTM zone 29N (EPSG:32629) and processed on QGIS through the SCP plugin. In order to obtain the LULC map, a supervised classification was performed considering the Minimum Distance algorithm and an overall accuracy of 92.98% and a kappa statistic of 0.842 was obtained ( Figure 4) . The validation performed through the field points had a result of 65% coherence between the scaled data and the classes assigned by SCP plugin. The environmental indices NDVI, EVI and NDWI were also obtained ( Figure 4 ). In order to understand the phenological behavior considering the NDVI values, QPhenoMetrics application was used considering Sentinel-2A images. The NDVI was obtained for each image and different methods of smoothing, which are available in the application [19] , were applied. Figure 5 presents the plots generated for Sentinel-2A images. The blue dots correspond to the original mean NDVI values in each image and the red line corresponds to the smoothing method applied: DMA3, DMA5, Spline and Savitzky Golay. 
DISCUSSION AND CONCLUSIONS
The study zone is very homogeneous, and only two types of land cover are present: bare soil and eucalyptus. Given the results obtained, the dominant class in LULC map are the eucalyptus (green areas). The eucalyptus dominates the majority of the area, existing only a few square meters of the bare soil zones. The zones identified as bare soil correspond to pathways, burnt areas (2017 summer) and mechanical deforestation zones.
The values obtained in the NDVI map were expected. The NDVI is more sensitive to chlorophyll and other pigments that are responsible for the absorption of radiation in the red zone of electromagnetic spectrum. The eucalyptus trees have a great amount of green leaves and consequently lots of chlorophyll accumulated, which means more absorption of radiation resulting in higher NDVI values. The opposite occurs in bare soil areas, sandy soil and rocky soil, with lower NDVI values. The difference between the two zones of eucalyptus, developed eucalyptus and eucalyptus in development, happens because the NDVI presented higher values in zones with major densification and vegetative vigor. The values of NDVI obtained, in this work, were slightly lower than the values obtained in previously published studies in zones with presence of eucalyptus [40] [41] [42] . A possible explanation of these values is that the area used to be a forestry exploitation with industrial aims. The eucalyptus was planted with a certain distance between them and this created an area of bare soil between them. The influence of intercalated bare soil zones made the NDVI values lower than the expected in eucalyptus zones. The NDVI map obtained ranges between 0,241 and 0,603. The lowest values, presented with red color, correspond to bare soil areas. The highest values, the green ones, correspond to eucalyptus zones. The zones with values close to 0,603 correspond to zones where the eucalyptus was completely developed and with large dimensions (or dense plantations). The zones with intermediate values correspond to zones where the eucalyptus was in development, with small dimensions.
The EVI map was similar to NDVI map. However, the EVI map presents lower values. This occurs due to the fast NDVI saturation caused by the high absorption, in the red zone of electromagnetic spectrum, from the chlorophyll and the carotenes in the leaves. The EVI map of the study zone has minimum values of 0,116 and maximum values of 0,329. Such as NDVI, the lowest values correspond to bare soil zones, the highest values correspond to completely developed eucalyptus and the intermedium values correspond to zones with eucalyptus in development.
The NDWI was used to identify inland water areas and, as the process of identifying them unfolded, it became clear that the study zone does not have inland water areas. Therefore, the values of NDWI map were all negative, corresponding to non-water features as bare soil and eucalyptus. The NDWI map of the study zone has a range of negative values between -0,631 and -0,387. The lowest negatives values correspond to zones with completely developed eucalyptus, the intermedium values correspond to eucalyptus in development and the highest values correspond to bare soil zones. There is not water bodies in the study zone, so this result was expected.
In relation to the NDVI behavior along the study period, we conclude that the time interval of the images used correspond to the warm days (early june to early october), so it is expected that the NDVI values are constant in time.
Moreover, the summer of 2017 was very dry without significate oscillations that justify NDVI variations. The increasing values in the end of the period considered could be related with the gradual decreasing of temperature and gradual increasing of humidity with corresponding decreasing of hydric stress.
Concluding, the approach applied in this work allows to analyses and understand the eucalyptus phenological cycle and its influence in the ecosystem, allowing better monitoring and evaluation of the ecosystem presented in the study zone.
